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AN ALTITUDEC?HAUBERFORTHESTUDYANDCALIBRATION

Cl?AERONAUTIJ2ALINSTRUW!3{TS.

BY EL J, W“ReidandOttoE. Kirchner.

Thedesignandconstructionof

whichbothpressureandtemperature

ly,wascarriedoutby theNational

Aeronauticsat theLangleyMemoyial

at LangleyField,Virginia,forthe

effectsoftemperatureandpressure.

an altitudechmiber,in .

canbe variedindependent-

AdvisoryCommitteefor

AeronauticalLaboratory .?=-
purposeof studyingthe —
on aeronauticalresearch .-

instruments.Temperaturesfrom+20°Cto-50°Careobtained .~
. by theexpansionof

cambe usedforthe

altitudeconditions

suitsobtainedwith

C02f?omstandardcontainers.Thechmiber —

calibrationof researchi-nstrumentsunder —

simulatingthoseup to 45,000fset. Re ..—
thischamber”havea directapplicationin . ~

thedesignandcalibrationof instrumentsused in freeflight -~—-*
research,

Introduction

*’ Thedifficultyin thedesignof instrumentsusedin acre- -

nauticalflightresearchdoesnotlieso muchin theproblem.< -.
of designingp~opcrmechanisms

of variablesas inthelackof

-—

to indicateozzccorda se~ies .-
bowlcdgeof thecharacteristics
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of theinstrumentswhileundergoinglcrgetemperaturechanges
. whichin someoneparticulartcstin thesaw-eflightmay‘OC

6 as larEeas 60°C. Aeronauticinstrumentsarein g.cncralsub- ._

jectto largetemperaturechangesandforresearchproblens

exhibiterrorsof considerablemagnitude.asa result.,The

AeronauticInstrumentsSectionof theBureauof Standardshas

donemuchvaluableworkon thestu&yof temperatureeffectson

standardairplaneflightindicatingi~st~mentsandon record- ._

inginstrumentsandbasfoundthatforveryaccuratedetermi-

nationofaltitudeit isnecessarythattheinstrumentsbe

calibratedunderconditionsduplicatingthetest.

Lowtemperatureandlowdensitybothareconditionsnet

within thehigfi.eraltitudesso it isabsolutelynecessaryto.
knowthetemperaturecorrectionsof suchinstruments.It is

. beingdemandedmoreandmorethatinstrumentdesignerssupply __

theneedsforgoodaeronauticalresearchinstmumnts,thusit

isquiteobvioust-hatin thedevelopne~tof new instruments -’

thefinalworkingconditionsunderwhichtheyareto function

mustbe simulatedin thelaboratory.

Therearea numberof methodsavailablefor

temperatures,allofwhichhavetheiradvantages

obtaininglow —-

anddisadvant-._:._

ages. Therequireuer~tsof a ccoling~ediumwhichwereduly
*“

considereiiin theselectionof a pr~er rcfrigm’stingagent .-—
.- areas follows:
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Propertemperaturerange. --

Availability.

Lowcostof refrigerantandof
requisiteequipment.

.—

‘Safetyandeaseof handling.

investigationinthe

properties,carbonicacidgas(C02)was

erant. C% has thepropertemperature

lightof theabove

selectedas therefrig-

range,itsfreezing

pointbeing–57°C. It isa commercialproductandas it is —

manufacturedinlargequantitiesisnotexpensive-On account .-

of thesmallamountof C02 required(approximate&y8 lb.per

test)theexpandedgasis allowedto escapeto theatmosphere

andtheuse of expensivecompressorequipmentwit’hitsconse-

. quentrequirementof‘askilfullopezatorisavoided.

. GeneralDescriptionof theAltitudeCIMmber

Thesizeof thealtitudechamberas designedandconstruct–

ed at theLangleyMemorialAeronauticalLaboratoryis suchthat.
itwillaccommodatetheinstrumentsmostfrequentlyusedby

theNationalAdvisoryCommitteeforAeronauticsin flightre-

S- cho Thesearethesinglecomponentrecordingaccelerome-

ter,therecordingairspeedmeterand statiscope,therecord-

.“ ingaltimeter,thecontrolpositionrecorder,etc.

Thechamberis composedofanupperandlowersection
..

(Figs.1 and2). Thelegsupportsarefastenedto andarea

—

partof theuppersection;thelowersectionbeingmovablein
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theverticcldirectionandcounterbclzcacedby a.suitableweight
. in therear.

Theuppersection(Figs.1,,3, and4)-supportsandthmmal-.
ly.insulatesa circulaxcastironplate p, whichsupportsthe

instrumentrest e, theaircirculatingblower n, thecool-

ingcoils m, thehighpressureexpansionvalve g, theheat ._....._

interchangerc, andthea.utomticreliefvalve b. Allair

andelectricalconnectionspassthroughplate p, whichforms

thetopsideof theair-tightchambez.Thiscastizonplate

was ribbedto preventdistortion,andhasa thickannularring

finishedtoaccommodatea standard12-inchdiameterglass

belljar=

Thesupportfor
.

in form,constructed

theinstrumentundertestis triangular

of 1/16inchcold-rolledsteel,and is

. heldinplaceby threeuprightsupportspassing betweenthe

turnsof thecoppercoolingcoilsandfastenedto theiron

platewithmachinescrews.

Theblowerthatcirculatestheairaroundthecooling —

coilsandtbeinstrumentic@ inchesindiameterby 3 inches

long. Thedrivingshaft r, of therotor,passesUp through

thetopof thecabinet,at whichpointit isconnect~dtoa

1/50HP.Universalmotor. It is suitablypackedtoprevent
..

.unduclea’kageof airfromtheoutsidedurir.glowchamberprcs–

.. surcs.

Thecoolingcoilconsistsof 30 turnsof 3/8 inchO.I).
/ .
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copper

. squme

tubinghavinga lengthof 62 feetand.:urnishing6
.

feetof radiatingsurface.

The expansionvalveextendsthroughtheironplateand
●

isconnectedto thecoppercoilby meansof a fittingwhich .,

alsoservesas a casefora resistancetypethermometerc?.*

mcntforthemeasurement

valve.

On itswayfromthe

of temperaturesat theexpansion

C102 tankto theexpansionvalvethe -

highpressureline k passesthroughtheheatinterchanger.

Thislatteris connectedto theinnercoppercoilby means

of a reliefvalvead a resistancetypethermometerfitting;..
theformergovernsthepressurein thecoilsandthelatter

measuresthetemperatureas thegasleavesthecoils.

Theheat‘interchangerconsistsof a l-inchcoppertube --

~ feetlong,. extendingto theoutsideof”theckamberandsur- .—

roundi~~thehighpressurelineon whicharesolderedwash- ...

ers3/4inchindiameter.Thesewashersarespaced1/2inch

apartandnotas hecttransferfins.

An instrumentpanelismountedon thetopo; theupper

sectioninorderthattheopcratozmayknowtheconditions

existingwithinthechambezandcoilsat all.times. There

areon thisboardthrcsgalvanometersusedin resistance “,
.“ typethermometercircuitsandgraduatedindegreescentigr~de,

oneVOlt~iCkC3? andtwopressuregauges..“ .-

Thzeetemperaturesaremeasured;thatof the C02gzs at

●

— -—— —



N.A.c.A.TechnicalNoteNo.229 6

theexpansicnvalve~.ndat thebackpressurezeliefvalve,and .—
thatof theairin thechamber.Thevoltneterisusedto check

.
thevolta~eacrossthewhetstonebridgecirouitsof there–

● sistzncetypethermometer,theVOlhge beingmaintainedbj-

twnnsofa suitablerheostatplacein serieswiththebattery.

Thecalibrationcurvesof thegalvanometersforuseas indi-

catingthermometersareshowninFig.5.

Thepressuregaugesindicatethepressurein thecopper

coils;twogaugesareusedmoroas a precautionarymeasure

thanto indicatethedropof pressurethatm~:foccur. It is .--=
verynecessaryto knowthatthecoppercoilis cleazat all —

timesandnotblockedor cloggedwithforeignmattert-hatmy

be in the C02, so onegaugeis~lacedat theexpansionv~lve ——
. andtheotherat theback“pressure~eliefvalve.”

Thehighpressuregaugeshownin Fig.2 is in thehigh . ._=
.

pressureC!Oalinejustbeforeit er.tersthecabinetandde-- --.-
notestheconditionof the C02 inthetankor containerin–

dicatingwhenthesupplyisnearlyex-hmstod.

Thelowersectionof thecabinet(Fig.6) housesthein-

vertedglassbelljar;theopenedgeof thebelljarbeing ~

groundtoa planesurface.Whenthissectionis raiqcd(Fig.

1),thejarcomesin contactwiththeiowezedgeof theiron

,. plate&ndformsan air-tightjoint.T-nisseal~thechamber.

A suits’oleobservationwindow d isplacedin onesideof the”
.,

cabinetto enabletheoperatorto obscrv.e

or readp.nyinstrumentthatmaybe placed

an-yvisiblechange

\7ithino
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The~lassbCll.
inchesthickzt its

, turescorkboardwas

thana goodquality

jarislaggedwithcorkboardinsulation4

thinnestsection. At theselowtcmpcra.–

foundrmstsa.tisfaotoryas it costno nore

of lumber,‘workseasily,is efficientrad “

..—

.-

.

doesnotabsorbmoisturo.Thecurveof lossof temperature

throughcorkinsulationwithtimeis giveninFig.7.

Adjacentto thoaltitudechamber(Fig.2),the CO,tank ——
is supportedina woodenrack. Thevalveendof thetankis

●

down,in orderto forceliquidto thechamberexpansionvzlve. ‘

Thisrackis soarrangedwithlevermechanismsthatitcanbe

raisedfromthefloorandsupportedon a platformscale.The

amountof C02usedinany testcanthenbe convenientlyand

. quicklymeasured.

On theoppositesideaf thetankrackisa smalllowtc~
.

peraturccalibratingoutfitwithoutmeansforpressurevaria-.
tion. Thisisusedforcalibratingsmallinstrumentssuckas

glasstubet’hermomctersandelectricalresistancethermor.etcr

elements.It is convenientforcoolinganyobjectthatmaYbe -

immersedin alcoholor -gasolineandhasno greaterdimensions

thanZ+ inchesdiameterarid6 incheslong. Thisapparatus .

consists.ofa coppercoilimmersedinan alcoholor gasoline

bath. Thecontainerisridedouble–walledwitha deadai~,“

spacewhichcanbe evacuatedin ordertom.akctheinsulation
.-

veryeffective.A stirrerdrivenby a small 1/200 HP.motor

circulatesthebathliquidaroundthecoilsandobjectunder-



H.A.C.A.TechnicalMoteNo.229 8

goingcalibration.Temperaturesslightly,lowerthznthose
.

~eacimdinthezltitudcchey,bercanbe obtainedwiththislow-

. temperatureequipm~t.

Operation

In theoperationof eitherthealtitudechamberor the

lowtemperaturebath,no greatskillisrequi.rcd.cAnyoncfa- - .;

miliarwithlaboratorycquipmontcanaftera fewtrialsmke .-
vcrysatisfactorytests. Onepersoncanconvenientlyoperate

thechaticrandtakerezzdingsfortheusualrunof calibra-

tionsif the~titeof dropdcsirodisrotmoret~~ twodegrees -—
Centigradeperninute.If Eorct’hanoneinstrumentis tobe

calibratedand therateof droprequiredisgr~ater,twoper–

. sonsare

The.
thehigh

necessary.

cycleof operationisas follows:The C02liquidin ..
~jrcssurelineto theexpansionvalveisat appro.si-

mately900 lb./sq.$n.at roomtemperature,thepressurebeing .,..
a functionof tanktemperature.It isreducedto 75 lb./sq.in.

in thecoppercoolingcoil,thepressurebeingheldconstant —
by thebackpressurereliefvalve. Theliquidin”passing

throughtheexpansionvalveevaporates,theheatofvaporiza-
-.

tionbeingdrawnfromthecoppercoils,therebycoolingthem. .—
; Thetemperatureof thegascorrespondingtoa backpressure .._,

of”75lb./sq.in.,is-56.4°C.Thete~eraturcat theexpan–- -..“
sionvalve.undertheseconditionsdropsverynearlyto-56.4°C.

The temperatureof thesaturatedgascorrespondingtoatmos-
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phericpressureisnearly–85°.
ducefromthehighpressureto

but ifthe’

atmospheric

9

C02 isallowedto rc-

pressurein the
.

coils,thecorrespondinglowtemperaturefr.eezcsthefollowing

liquidas itpassesthroughtineexpansionvalveandtheresult- .

ingsnowclogsthevalveandstopsoperationuntilthevalve

thawsout. For’thisreasonit isnecessarytopreventtheback

pressuredroppingbelowthatcor~espondingto thetemperature

of thefreezingpointof the C02.

Afterthegaspassestherelief

changerad any coolingeffectstill

passesto theatmosphereisab~orhed

valve,it enterstheinter- .-

leftin.thegasas it .

by thefinson thehigh -..—

pressurelineandimparted.totheincominghigh pressure

● 1iquid. Anypre-coolingof theliquidbeforeexpansioncauses

thatm.zchmorecoolingeffecttobe appliedto thecopper —
.

coilswithinthebelljar.

In theactualoperationof thechamber,aftertheinstru–

mentundertestisplacedon theinstrumentsupportand~ir

andelectricalconrmctionsaremadeandthebelljarisbrought

inplace,theregulationof thehighpressureexpansionvalve

is allthatisrequiredfromtheoperatorto controlthetem-

peraturethroughoutthetest. Thetemperaturegradientis

.“ entirelya functionof theamountthevalveis opened.Ex-

cessiveopeningof thevalveshouldnotbe attemptedunless
..

thea=ficiencyof thechambermy

gaswillpassttioughthecircuit

be sacrificed,

withouthaving

becausethe

hadtimeto
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absorb‘heatfromthecoils.
.

Incasetemperatureslowerthanapproximately-56°Care

. desired,a by-passvalvein thecoppercoilcircuitmaybe ..
operctedzndthe C02allowedto expandtciatmosphericpressure.

Thiscanbe doneonlyforveryshortintervalsof timebecause

theexpansionvalveandcoilswillbecomecloggedwith C02

snowandautomaticallypreventthepassageof m-oreC% ●

Anydesiredlowpressureconditionsin thebelljarcan

be obtainedby theuseof a vacuumpumpattachedto oneof the

airconnectionson thechamber.A nznometerattachedto one

of thepressureconnectionsof thechamberdenotestheanount

of pressureinside.

Afterthedesiredtemperaturehasbeenreachedandheld
.

,fortherequiredtimethe C02maybe turnedoff*
. berallowedto waxmup by theabsorptionof heat

andthechaEm-

throughthe

tnsulation. Ifby thisproceduretherateof riseof temper–

atureis insufficient,an electricalheatingcoilmaybe in-

sertedandusedto increasethegmdient.

precision

Theprecisionof theresistancetypethermometersforming

partof thechamberis+1.O°C!andthemanometersusuallyused
.“

to measurethechamberpressuresarcreliableto 0.1mm of
-,

mercury.Usingth~seiilstrumentstheoperatorcanusuallycon– —

troltheiemperaturesandpzessureswithintheabovelimits. -

9
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InstrumentProblemsfortheAltitudeChamber
.

Theaeronauticalinstrumentdesigneris interestedinthe
, —.

followingfactorsof instrumentoperation: -
1. Instrumentcalibrationas affectedby changein

dcar.
temp&rature/pressure.

2. Theeffectof temperatureon drivingmechanisms

(clockworkor electric).

.

.

3. Temperatureeffecton lubrication.

4-.Lowtemperatureeffectonphotographicfilm

andothercharts.

!5.Effectof temperature

6. Effectof temperature

on daqing mediums.

onpressurediaphragms;

metallicandnonmetallic.

7. EfficiencyGfheatinsulationmaterials..

8. Temperatureeffecton eleCtZiCvoltagecells.
,-

9. Freezingpointof inksandeffectof inkflowon .-

varioustypesof charts.

, Ther,e are otherusesfor

invaluable,suchas thestudy

ingpointsof airplaneengine

whichtheapparatusmayprove —--
offrostingof goggles,fr~ez- .._

coolingmediums,etc. —

Conclu,sions

Calibrationsand.researchon instrumentsunderactualcoiL–

ditionsareabsolutely.necessaryif anydependenceistobe “..-

puton instrumentsemployodunderconditionsof varyingtcmper-

—
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atureandpressure.ThroughtheUseof thealtitudecham’cc~
. actualaltitudeconditionsere obtainedandinstrumentirre~–

laritiesdetectedandeliminated,thusobviatingthenecessity.

forexpensiveflightresearchworkforthispurpose.

Thealtitudechamberdescribedin thisreportn%ybe very
—

usefulin educationalinstitutior.sandlaboratorieswhere:

lowtemperaturesaredesired,onlya smallvolumeof cooling

spaceis required,lowcostisa factor,andsafetyof“opera-

tionbyunskilledoperatorsmustbe considered As thecom-

pleteeqdipmentisquiteportable,it mightevenbe ofvalue
.

forthecalibrationin thefieldof instrumentsusedforhigh

altitudeflights.

Whilethereisperhapslittleroomforchangesin the
.

generalarrangementof thecomponentpartsof thepresentcbam-

. . her,improvementsin efficiencycanbe effectedby theselec–

tionof materialsof lowerheatcapacityandconductivityfor

the instrumentsupport,ironplateandblGWer. In orderto

furthersimplifytheconstructionandoperationof thecham~er

thethermometerat theexpansionvalveandoneof theback ..
pressuregaugesmaybe eliminated.Theseelementswerein– -L“
eludedin thepresentchamber~minlyfordesignpurposesm —

Thischamberaccommodatesallt-kcsmallE.A.L:.A.standard
.“

flightresearch“instrumentsbut shouldit”seemdesirableat
.. anyfuturedateto studytemperatureeffectuponlargerin- ;

strunentsor apparatus,z chamberaffordingseveraltimesthe,.
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.
existingavailablespatemaybe constructedwithoutexcessive. .
depreciationof operationeconomy.

s
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Temperatureandpressmegagepanel.
Reliefva~.’e.
Heatintcrshanger. .
Doubleplateglassobservationwindow.
Supportforir~strumentundertest.
Corkinsulation.
Mainhighpressurevalve.
Saacefilledwithcorkinsulation.“
Highpressurel~quidC02line.
Airand electric terminalpanel.
Coppercoolingcoils. -
Aircirculatingrotor.
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